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Trend of Gardner Saltbush and Halogeton in the Lower Green 
River Basin, Wyoming 
 
Sherel Goodrich Ecologist, USDA Forest Service, Ashley National Forest, Vernal, Utah; and Aaron Zobell 




Displacement of Gardner saltbush (Atriplex gardneri) by halogeton (Halogeton glomeratus) is being 
recorded at several points in the Lower Green River Basin, Wyoming by line intercept measurements 
and by repeat photography. This paper gives results of the monitoring studies as of 2009. Total 
displacement of Gardner saltbush by halogeton has taken as little as 10 years at some locations. Loss 
of Gardner saltbush to halogeton has major management implications. 
____________________________________ 
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Gardner saltbush (Atriplex gardneri) is a valuable 
resource. It forms relatively high producing stands on 
clay soils in areas of 16-20 cm (6.3-7.9 in) annual 
precipitation (Fisser et al. 1974) where few other 
plants have capacity to grow and even fewer have 
capacity to produce biomass anywhere near that of 
Gardner saltbush. In favorable years leaves of 
Gardner saltbush remain green through the winter, 
providing high quality forage for wildlife and livestock 
in the winter season. Although protein content of 
Gardner saltbush is comparatively low for a shrub 
(Cook and others 1954; Krysl and others. 1984), the 
winter-green nature of the plant indicates 
comparatively high levels of protein in winter when 
grasses and forbs are dry. Gardner saltbush is 
capable of persisting under levels of use as high as 
35-50 percent (Blaisdell and Holmgren 1984; Cook 
1971; Fisser and Joyce 1984). Heavy use of this and 
other desert shrubs can be expected to be detrimental 
(Cook and Stoddard 1963), and thus facilitate 
displacement of shrubs by weedy species such as 
halogeton (Halogeton glomeratus). 
 
Halogeton is a highly invasive species of Eurasian 
origin that was first detected in North America near 
Wells, Nevada in 1934 (Dayton 1951; Holmgren and 
Anderson 1970; Young 2002) from where it spread 
across much of the arid and semiarid West via 
roadways and other disturbance corridors. It was 
unknown in Utah until about 1942 (Stoddart and 
others. 1949; Stoddart and others. 1951). Area of 
infestation as of 1952 was estimated at 1.5 million 
acres with 250,000 of these acres in Idaho (Tisdale 
and Zappettini 1953). By 1954 it had spread across 
the deserts of the Great Basin, Colorado Basin of 
Utah and Colorado, and Wyoming. In the 1980s it 
continued to spread in its previously documented 
range and to new areas in Nebraska, Montana, 
Oregon, New Mexico and California. Pemberton 
(1981) expected additional advance in the Great 
Plains, eastern half of Washington, Arizona, and other 
areas. The PLANTS Data Base (USDA, NRCS 2010) 
currently shows halogeton in all of the 11 western 
states and South Dakota and Nebraska, and in all 
counties of Utah. 
 
Halogeton produces both black and brown seeds. The 
black seeds germinate readily whenever moisture and 
temperatures are favorable, and they comprise about 
66 percent of the seed crop (Cronin and Williams 
1966). The black seeds are viable for only about 1 
year, but they provide a means for rapid expansion 
once halogeton invades a suitable site. Brown seeds 
are dormant at dispersal, with only a small 
percentage germinating each year. Brown seeds 
remain viable in the soil for at least 10 years and thus 
provide a means for halogeton survival during long 
periods of drought (Cronin and Williams 1966). 
 
Halogeton can change soil chemistry and soil ecology 
(Duda and others 2003) by means of salt pumping 
(Eckert and Kinsinger 1960) which reduces 
establishment of other plants (Kinsinger and Eckert 
1961). Aqueous extracts of halogeton tissue can 
greatly reduce germination and growth of seedlings of 
other species (Smith and Rauchfuss 1958). The soil 
altering capability of halogeton is likely a major factor 
in the die-off of Gardner saltbush reported in this 
paper.
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With the combination of abundant production of both 
kinds of seeds that together provide for both rapid 
spread and persistence in times of drought, and the 
capability to induce toxic soil conditions (Duda and 
others 2003; Eckert and Kinsinger 1960) halogeton is 
well equipped to persist as a dominate. 
 
The delayed germination of brown seeds can be 
expected to make control of this plant difficult. 
Treatments that provide control for a year or two can 
be expected to be overrun by halogeton in a few 
years due to new recruitment from the seed bank. 
Tisdale & Zappettini (1953) found 80 percent of 
halogeton germination was in March, April, and May, 
with 16 percent in June, 2 percent in July, and 2 
percent in August. This indicates a single application 
of herbicides in one year will not control halogeton. 
However, application of herbicides have facilitated 
establishment of perennial grasses in halogeton 
infested areas (Cook 1965; Hass and others 1962; 
Miller 1956).  
 
Bleak and others 1965) made observations of 107 
separate plantings in the shadscale [Atriplex 
confertifolia (Torrey & Fremont)Watson] zone in which 
148 selected species of grasses, forbs, or shrubs 
were planted from 1937 to 1962. They concluded that 
these seedings usually failed. A few exceptions were 
found where crested wheatgrass, Siberian 
wheatgrass, and Russian wildrye were planted. Hull 
(1963) reported results of seeding various native and 
introduced grasses into salt-desert shrub communities 
in 1948 and 1949. Of the plants included in his paper, 
Russian wildrye (Elymus junceus Fischer) was 
generally the most successful. However, this species 
as well as others failed or produced scattered stands 
by 1960. The papers by Bleak (1965) and Hull (1963) 
suggest difficulty in displacing halogeton with 
perennial species in the desert shrub zone. 
 
Halogeton contains poisonous oxalates which has 
caused extensive losses especially when hungry 
sheep were trailed or transported to heavily infested 
areas (Kingsbury 1964). Most of a band of 1,600 
sheep were lost over a 3-day period to this plant in 
the Raft River Valley of southern Idaho in 1945 when 
sheep were trailed from mountains into a halogeton 
infested range (Sharp and others 1990). Poisoning of 
cattle has also been reported (Bruner and Robertson 
1963). Soluble oxalate content can be as high as 28 
percent in the early fall. By spring oxalates drop to as 
low as 5 percent unless plants are covered by snow 
(Cook and Stoddart 1953). The plants retain enough 
oxalates when dry in winter to remain toxic to 




Locations of study sites for this paper are within the 
Flaming Gorge National Recreation Area, Ashley 
National Forest and adjacent to this area in the lower 
Green River Basin, Sweetwater County, Wyoming. 
Studies files are kept at Ashley National Forest, 
Flaming Gorge District at Manila, Utah and at the 
Ashley National Forest Supervisors Office, Vernal, 
Utah. These studies are also filed electronically on 
external hard drives. They are numbered and filed in 
a geographic system using 7.5 minute US Geological 
Survey quadrangle maps as a basis. 
 
Average annual precipitation at the Black Mountain 
Exclosure (41o1540.8” North and 109o3703.0” West) 
near Buckboard Crossing is 21.8 cm (8.17 in). Annual 
precipitation for Gardner saltbush communities of the 
area might be slightly less than at the Black Mountain 
Exclosure. 
 
The general area supports mixed desert shrub 
communities of shadscale, winter fat 
[Krascheninnikovia lanata (Pursh) Meeuse & Smit], 
bud sagebrush (Artemisia spinescens D. C. Eaton), 
and other shrubs. Wyoming big sagebrush [Artemisia 
tridentata var. wyomingensis (Beetle & A. Young) 
Welsh] communities are found on uplands, and spiny 
hopsage [Grayia spinosa (Hooker) Moquin in DC.] 
communities are on aeolian sand and slopewash 
colluvium. Gardner saltbush communities are 
confined to clay soils which are generally found on 
flats at lower elevations of the area. The study area is 
underlain by the Green River Formation. However, it 
appears that some of the Gardner Saltbush sites are 
influenced by materials eroded from the adjacent 
Bridger Formation. 
 
Halogeton was found in the area in 1973 in a 
rangeland survey of the Flaming Gorge National 
Recreation Area at study site 75-4 (numbering system 
explained above). However, this invasive species did 
not seem to greatly impact ecology of the area until 
robust growth of the species followed favorable 
precipitation in 2003 which in turn followed the severe 
drought of 2002. Gardner saltbush was greatly 
impacted by the drought of 2002. In 2003 halogeton 
plants of 45 cm (18 in) tall grew in great abundance in 
Gardner saltbush communities. 
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Wyoming Highway 530 and numerous roads in the 
Flaming Gorge National Recreation Area are most 
probable vectors of spread of halogeton in the study 
area. Reconstruction of Highway 530 in 2005 was 
particularly favorable for abundant growth of this 
weedy plant. The fluctuating water level of Flaming 
Gorge Reservoir is also a major contributor to the 
abundance of this plant. In some low-gradient areas, 
the draw-down basin of the reservoir supports nearly 
solid stands of halogeton. In desert shrub 
communities, of this study area halogeton is often 




Long-term monitoring studies were established at 
several sites in Gardner saltbush communities. Trend 
of Gardner saltbush was determined by line intercept 
measurements of crown cover on eight permanently 
marked transects and by repeat photography of the 
same transects from permanently marked camera 
points. Line intercept measurements were taken 
along five 100 ft (30.5 m) transects for a total of 500 ft 
(152 m) at each of the eight study sites. Center points 
for study sites were arranged so that all of the belt 
lines were included in within Gardner saltbush 
communities. Sites were spaced across much of the 
Gardner saltbush type within the Flaming Gorge 
National Recreation Area. Repeat photography was 
also taken at some sites without Line intercept 
measurements. Nested frequency studies (USDA, 
Forest Service 1993) were initiated at some of the 
study sites. However, it became evident that nested 
frequency information was not needed to determine 
trend of Gardner Saltbush. Also frequency provides a 
poor expression of the high variability of volume or 
production of halogeton. This plant can have high 
frequency in years of low production as well as in 
years of high production. It is apparent that volume of 
herbage produce by halogeton had much more to do 
with community dynamics than did frequency of 
halogeton. Line intercept measurements gave direct 
and easily understood trend of Gardner saltbush. For 
these reasons nested frequency studies were not 
repeated. 
 
RESULTS AND DISCUSSION 
 
Table 1 shows trend in percent crown cover of 
Gardner saltbush for the eight study sites. Crown 
cover measurements taken in 2009 indicate a 
downward trend for Gardner saltbush at all eight sites. 
This trend is most obvious at study sites 72-13 
(figures 1, 2, 3, 4 and 5), 72-18, and 72-31B. These 
studies experienced total or near total conversion of 
Gardner saltbush communities to halogeton within a 
15-year interval. It is likely that sites with greater 
concentrations of salts are more rapidly converted. 
 
Study site 6-16 demonstrates a wide shift in crown 
cover of Gardner saltbush from year to year with a 
high of 31.5 percent in 1992 and a low of 4.4 percent 
in 2003. The low reading of 2003 followed the drought 
of 2002. One year later in 2004 crown cover returned 
to nearly the level of 1992. However, in the highly 
favorable moisture year of 2005, there was a decline 
of about 4 percent. A continuing decline is reflected 
by the 19.7 percent crown cover measured in 2009. 
The wide variation in cover from year to year indicates 
a need for frequent monitoring. Table 1 reveals a 
greater frequency of monitoring after 2003. This 
greater frequency was prompted by recognition of this 
yearly variation.  
 
Study site 75-7 shows increased crown cover of 
Gardner saltbush from 1991-2005. This increase was 
associated with exclusion of livestock at this study 
which was fenced in 1991. However, the 2009 
measurement indicates a trend of decreasing crown 
cover even in the absence of livestock. Photography 
of the site demonstrates an increase in the area 
dominated by halogeton within the exclosure. This 
study indicates livestock grazing might contribute to 
decrease in Gardner saltbush cover. However, it also 
indicates conversion to halogeton will take place in 
absence of livestock. 
 
Study site 72-13 (figures 1, 2, 3, 4, and 5) 
experienced total loss of Gardner saltbush cover over 
a 16 year-interval with a high of 25.8 percent crown 
cover in 1993 and a low of 0 percent in 2009. The 
reading of (2.1 percent) in 2005 (a year of highly 
favorable precipitation) suggests strongly that 
Gardner saltbush will not recover at this site. Repeat 
photography as well as line intercept measurements 
at this site demonstrate that halogeton has displaced 
Gardner saltbush. Study site 72-18 with crown cover 
of Gardner saltbush at 23.6 percent in 1998 and 4.9 
percent in 2009 indicates the trend seen at site 72-13 
where crown cover of this shrub was zero in 2009. 
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Table 1. Trend in percent crown cover* of Gardner saltbush at 8 sites. 
 Year 
Study 1989 1991 1992 1993 1994 1997 1998 1999 2003 2004 2005 2007 2008 2009 
6-16   31.5      4.4 28.2 24.8   19.7 
72-4 7.5          8.5   4.8 
72-13    25.8       2.1   0.0 
72-18       23.6  3.4 7.4 13.0 7.2  4.9 
72-31B        13.4   0.4   0.0 
75-7  3.6   7.4 8.1     8.8   3.4 
75-8B           6.3   1.2 
75-21B        13.2  4.3 10.0 5.1  5.7 
*Values for crown cover are based on measurements taken along 500 ft (152 m) of line intercept at each of the above 
sites. 
 
Line intercept studies with 200 ft (60 m) of intercept 
were established in 2009 at study sites 71-11C, 71-
11D, and 71-11E. These studies are within 200 ft (60 
m) of each other, and they are similar in gradient, 
aspect, and apparent soil features. Crown cover of 
Gardner saltbush was 1.5 percent, 27.4 percent and 
3.4 percent at these sites respectively. The wide 
variation in Gardner saltbush cover at these similar 
and closely spaced sites appeared to be related to 
past abundance of halogeton as detected by remnant 
plants. 
 
In addition to Line Intercept, repeat photography of 
study sites also demonstrated the decline and 
displacement of Gardner saltbush. Study site 75-4 
was photographed in 1991, 1995, 1996, 1998, 2005, 
2007, 2008 and 2009. Based on comparison of 
photos of other sites with line intercept 
measurements, the 1990s photos of this site indicate 
Gardner saltbush crown cover at 15 percent-20 
percent with little cover of halogeton. Photos of 2005 
show high percent cover of halogeton with little 
Gardner saltbush. In this case conversion occurred 
during a 7-year interval between 1998 and 2005. The 
photo record at this site vividly demonstrates rapid 
conversion following the drought of 2002-2003.  
 
The photo record of study site 72-31A demonstrates 
conversion from an estimated 25 percent crown cover 
of Gardner saltbush in1999 to an estimated 3 percent 
in 2005 and near 0 percent in 2009. Photos and 
measurements at some sites taken in 2009 including 
site 71-11D show Gardner saltbush persisting with 
high levels of crown cover. These sites have low 
cover of halogeton. 
 
Repeat photography at the study sites also shows 
boom and bust dynamics of halogeton with abundant 
growth in some years and essentially no growth in 
others. Years of little growth of halogeton followed by 
years of abundant growth indicate that the halogeton 
seed-bank persists in the soil (Cronin and Williams 
1966). This seed-bank has the potential to release in 
years of favorable precipitation. 
 
 
Figure 1. 24 May 1993. Crown cover of Gardner 
saltbush is 37.6% on this beltline with an average of 
25.8% for 5 beltlines. This condition follows a century 
of livestock grazing. 
 
 
Figure 2. 31 March 2004. Large skeletons of 
halogeton indicate abundant growth of this annual in 
2003.  
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Figure 3. 3 June 2005. Following high production of 
halogeton in 2003, crown cover of Gardner saltbush is 




Figure 4. 5 May 2007. Crown cover of Gardner 
saltbush was not measured in 2007. However, it 
appears to be slightly higher than in 2005. Essentially 
all green vegetation in the area of the beltline is 





Gardner saltbush persisted through the 1990s with 
comparatively light growth of halogeton. Gardner 
saltbush currently persists as a dominant at some 
sites. These sites currently dominated by Gardner 
saltbush show low cover of halogeton and 
comparatively low presence of remnant plants of 
halogeton. Sites with high abundance and vigorous 
growth of halogeton are those with major die-back of 
Gardner saltbush. These conditions strongly implicate 
halogeton as a controlling factor in die-off of Gardner 
saltbush. The rather rapid conversion from Gardner 
saltbush to halogeton between the 1990s and mid 
2000s indicates the drought of 2002 was a factor in 
the conversion. The impact of the 2002 drought is 
apparent by the low reading of 4.4 percent crown 
cover of Gardner saltbush in 2003 and the relatively 
high reading of 28.2 percent in 2004 at study site 6-
16. 
 
Halogeton is a poisonous plant that has caused major 
losses of sheep (Kingsbury 1964; Sharp and others 
1990; Young 2002). It is essentially a non-forage 
plant, or at least it should not be included in 
evaluations of carrying capacity of rangelands of this 
area. Change induced by halogeton equates to 
reduced forage production. This marks a need to 
reduce stocking rates for livestock. Failure to do so 
will force livestock to use greater amounts of the 
remaining forage species. 
 
Repeat photography can be highly effective in 
monitoring vegetation change in this setting. Line 
intercept measurements provide quantitative 
information, and in most cases 500 ft (152 m) of 
intercept was measured in less than 30 minutes. 
However, repeat photography alone demonstrates 
trend sufficiently well to leave little question that 
Gardner saltbush is being displaced by halogeton. In 
addition the photography demonstrates that 
magnitude of change is great enough that changes 
are needed in permitted livestock grazing. 
 
 
Figure 5. 10 Sept. 2009. Crown cover of Gardner 
saltbush was measured at 0%. Halogeton (reddish 
plant) has done more to eliminate Gardner saltbush in 
a decade than a century of livestock grazing. 
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Repeat photography has been demonstrated as a fast 
method to monitor trend in desert shrub communities 
(Sharp and others 1990) and in grass communities 
(Sharp 1992). This paper demonstrates that repeat 
photography, with notes, is adequate to determine 
trend and need for change in management in Gardner 
saltbush communities. 
 
The photo record and measured trend in Gardner 
saltbush communities of this study indicate that 
monitoring intervals should be based on the rapidity of 
change in plant communities. In this case frequent 
monitoring should be considered. To better 
understand Gardner saltbush community dynamics, 
monitoring in years of high halogeton production and 
in years highly favorable for shrub growth seems 
important. The interval of 16 years (1993-2005) for 
line intercept measurements at study site 72-13 was 
too long to demonstrate how quickly the conversion 
took place. However, this interval was sufficient to 
document the extent of change. In plant communities 
of less frequent change, the interval of monitoring 
could be longer. It seems appropriate that mandates 
for frequency of monitoring should be based on 
frequency of change rather than on an arbitrary set 
interval. 
 
Prairie dogs are sometimes considered agents of 
diversity. However, in the lower Green River Basin 
they foster the spread and establishment of halogeton 
as are other factors of disturbance. In this case they 
function as agents of lower diversity. 
 
In an evaluation of cheatgrass and halogeton, 
Robocker (1961) made the following comment: “The 
concept of maintaining a status quo of climax, native 
perennial vegetation may now be forced into a re-
evaluation by these exotic species.” Trend in the area 
of this study supports the re-evaluation suggested 
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